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DIVISION OF THE PACIFIC OCEAN
BASED ON TRANSPARENCY

E. N. Khalemskiy and V. I. Voytov

When the mass of geophysical data are generalized, the
necessity inevitably arises of grouping them objectively in
terms of stable indices which reflect the speciflic nature of the.
valueé being studied, since these values depend on the factors
in the environment which determine them. This pertains to the
optical characteristics of the Pacific Ocean, primarily to the

_physical transparency of the water, about which a great deal of
" data has recently been compilled.

The optical structure of the water in the Pacific Ocean is
formed as a result of the simultaneous action, on the one hand,
of dynamic processes (flow, turbulence, and pfocesses in the‘
convergence zones) and, on the other hand — blological and
geological processes which influence the formation and 1nflow
of particles having an organic and inorganic origin. The actibn
of these processes increases the field gradients of the suspended
matter and the field gradients of the optical characteristics,
whereas the role of advection and turbulent diffusion is mani-
fested in the equalization of the concentration of suspended
matter and, consequently, the smoothing of the optical field
gradients. | : o | '

¥Numbers in the margiln indicate the pagination of the
original foreign text.
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The interaction of geophyslcal and biological factors in
each specific reglon of the ocean leads to the formation of an
optical structure of the water which is typical for the given
season, and produces a definite picture of the distribution of
optical properties.

In actuality, as is shown by an analysis of the three- /182
dimensional distribution of values of the attenuation coefficient
e (or the physical transparency 6), which 1s the most important
of the hydrotdpic characteristics, the values of e for A = 546

‘nm in winter in the northern hemisphere are grouped in such a

way that there are expansive water areas in which these values
Tluctuate within cdmpératively smallllimits. This may be clearly
seen in Figure 1, which gives a graph showling the reproduqibility
of the values for the attenuation coefficlent, compiled with
allowance for all values of € which we shall assume for the
surface waters of the Pacific Ocean. . The values of € are plotted
on the abscissa, and the number of polnts N on the surface of the
ocean, in which the measurements were performed, is plotted on
the ordinate.

Based on the form and nature of the graph, we may distingulsh

" four arbitrary types of ocean water, which differ in terms of

transparency: maximum, high, normal, and reduced. We should
note that we could even speak of waters with low transparency.
However, they are not characteristic for the open ocean, and
are only encountered in a very narrow zone along the shore,
Therefore, we shall not discuss this type of water.

The map (Figure 2) shows the distribution of these types of
water in the Pacific Ocean. When comparing thils map with similar
maps of plankton, suspended matter, primary products, and also
a scheme for the surface circulation of water in the Pacific
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Ocean [1 — 4], we may observe a
definite similarity in the spatial
distribution of all these elements.

On a very large scale, this

p. - _I Sl :.': . R _E.IM-' .

: T similarity consists of the pre-
Figure 1. Reproducibility sence of latitudinal and circum-
of attenuation ccefficlent continental zonality in the

for light e in surface ;
waters of the Pacific Ocean. distribution of these elements,

Transparency of the water: including transparency.

I — maximum; II — high;

ITTI — normal; IV —

reduced. The circumcontinental zonallty

is apparent In the regular change

in transparency with increasing distance from the shore. Two
zones of water may be observed — coastal water and water in
the open ocean. In the Pacific Ocean, the coastal zone with
waters of reduced transparency has the form of a very narrow

band, which 1s natural, since no large rivers enter into the-
Pacific Ocean, there are no extensive regions of eolian suspended
matter, and rocky coasts predominate, l.e., there are no power- /183

ful sources of suspended matter from the continents,

In the open ocean, the transparency distributlon is
characterized by a latitudinal zonality, which 1s related to

'the latitudinal structuré_of the horizontal circulatilon of water

in the Pacific Ocean.

An important feature of the macro-scale distribution of
transparency in the surface waters of the Paciflc Ocean 1s the
coincidence of areas of separate types of water (in terms of

transparency) and the location of the main ocean currents. Thus,/184.

regions of water having the maximum transparenqi are "Superé4
imposed" on subtropical convergences of the northern and
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Figure 2. Hydrotopic division of water .in the Pacific Ocean -

based on transparency.

Transparency of the water: I — maximum (first type); 2'——
high (second type); 3 — normal (third type); 4 — reduced
(fourth type). The Roman numerals are the hydrotopic reglons

(see Table 1).

southern hemispheres. At the same time, theregions occupied by
the maln currents, which comprise the tropical and subtropical
cycles, primarily contain water of high transparency, which is
encounteréd in a large porfion of- the Paciflc Ocean, so that
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their transparency may be assumed to be most characteristic

for water in the ocean as a whole (for winter in the northern

hemisphere). This is confirmed by the graph in Figure 1, from
which it may be seen that the greatest amount of data pertain
to these waters, in spite of thelr uniform distribution through-

out the ocean.

The portion of the Pacific Ocean, which 1s fllled with water

of the remaining two types of transparency, consists of individu-
" al regions, having features such as latitudinal and circum-

continental zonality. It is interésting that the regions of

water with reduced transparency differ, depending on the source -

of the suspended matter. Thus, these waters are observed at

the Equator and close to the Peru and California coasts, 1.e.,
zones with intense upflow of waters from the depths which are
rich in bilogenic elements and therefore have a high yield of
plankton. The terrigenous sources of suspended matter, which

- are completely different, are "fed" by water of reduced trans-

parency along the Canadian coast, which has a great many cliffs,
and in the zone of the Aleutlan and Kurille peninsulaé, where the
water is in violent motion in the strailts; which encompasses the
entire depth of the water, and due to this the water is rich in

mineral matter.

Thus, the ocean region, which is filled with waters of one .
type of transparency, can hardly be regarded as a region which

is homogeneous in the optical sense, since a different combina- '
“tion of dynamic elements and sources of suspended matter (i.e.,

the basic factors which form the field of optlical properties in
the ocean) may exist in different parts of it. However, it is
known that the stable combination of 'these factors tends to
produce a stable- optical structure of ‘the water, having a.certain
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Index of
the ‘
region Name of region
(Fig.2)
Ia western part of the subtropical convergence of the
northern hemisphere
Ib eastern part of the subtropical convergence of the
. northern hemisphere
CIe subtropical convergence of the southern hemisphere
IlIa transitional zone between subpolar and subtroplcal
waters of the northern hemisphere
IIIb equatorial-tropical region of the eastern hemisphere
IIIc southwestern region of island waters
IIId region of temperate waters in the southern hemisphere
IVa subpolar reglon of the northern hemisphere
IVb region of the California currént
IVe region of the Peru current

‘homogeneify of the optical propertlies.

Therefore, 1t 1s natural to try and subdivide the regions
considered, which are filled with waters of alsingle type of
transparency, into regions whichlhave'a definite combination of
these factors. The distribution of these regions, which we

. distinguished in the Paclfic Ocean, 1s shown :in Figpre 2, and

thelr names are given in Table 1.

It is apparent that in these reglons, which may be arbitrarily
called quasl-homogeneous hydrooptical regions, the varlabllity of

the optical properties must be less than in the entire region as

a whole.

The validity of distlinguishing between hydrooptical

regions may be objectively analyzed by comparing and analyzing

the statistical parameters of the opticgi‘fields,'caiculated for

/185




i

ki

regionsAof each type as a whole and for.iﬁdividual hydrooptical.
reglons.

For thils purpose, we obtained the values of the average
transparency §(} = 546 nm) and the mean square deviation oy

for each region as a whole and for separate reglons, The rela-
tionships between these parameters, as well as the values of the
varlation coefficient ce/Ejare given in Table 2.

For analyzing the data in the table, we must first note
the overall increase 1n the variation coefficient from the
more transparent waters  -to the less transparent waters. This
polnts to an increase in the nonuniformity of the transparency
field iIn the more turbid waters. It may be assumed that this 1s
caused by the increased role of the cloud-llike distribution of
suspended matter in the more turbld waters, which is manifested :
in an increase in the transparency gradients.

Interestling conclusions are obtéined when comparing the
data for all regions with water of a given type and the values
pertaining to individual reglons within it, When the value of
§ does not change in practice (Table 2, column 6), there are
great fluctuations in the value of de‘(column 7) and the vari-

ation coefflcient. The changes in the variation ccefficient are
particularly important, since this makes it possible to estimate

_the nonuniformity of the transparency field of individual regions

with respect to the optical types as a whole.

In the majority of cases (4 out of 6), the dispersion of
transparency and the transparency variation coefficient for the

regions are equal to, or much less than, the corresponding values /186

for the type as a whole. Thus, the purpose of the classification
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TABLE 2 ,

T
: Ratio of the Ratio of the
iven type ©regionto the Variation
Optical type of No. of g
to the first type as a coefficlent
water or reglon |[stations type whole | R
= = o
6 type oetypee reg. 0, reg. ]
- §1type353 ~ 16 type g, type ]
3 _ 4 5 6 7 8
First type - . 58, 1.00 | 1.00 | — — 0.034
Region Ia ' . 35 —_ —_ 1.01 | 1.00 0.034
Region Ib 7 11 —_ — 0.99 0.69 0.024
Second type: |- 150 0.90 1.38 —_ — 0.052
Third type 35, 0.75 1.00 —_ —_— 0.056
Region IIIla 14 C— ~ .1 1.03 0.90 0.039
Region IIIb .11 —_— — 1.01 | 1.34 |0.060
Region IIIc ' T _ —_— 1.00 | 0.72 0.033
Fourth type | 7 0.54 | 2,28 — —_ 0.143

has been achieved, which is to distinguish, .in regions c¢ontaining

water of a definite optical type, the water regions with a more

" uniform transparency field.

However, for two regions (Ic and ITIIb) the dispersilon and
the transparency variation coefficients significantly exceed the
similar values for this type, i.e., the optical inhomogeneity
of the transparency field for these regions is greater than the‘:

~ average inhomogeneity of the field in the entire region of

water of the given type. In region Ic, which contains an

area of subtropical convergence of the southern hemisphere,
this 1s due to the fact that the boundary of the first type

of region is‘not.draWn accurately enough and other areas con-
taining watef of different optica1:types,are:1ncluded.-
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In actuality, in the western part of this region (to the

west of 180°) the subtropical convergence is difficult to
- follow, due to which a complex dynamic system with currents

from different directions is observed. This causes this region,
which contains water of the first type, to also contain relative-
ly more turbid waters pertalning to the second type, and even

- to the third optical type on the extreme western part of the

region (enriched with suspended matter from water in the
insular zone). Under these conditions, it is very difficult to
draw an accurate boundary for the region, and a large amount

of data are necessary, which we presently do not have,

The situation is somewhat different in region IIIb, which /187
is located in the equatorial-troplical region of the eastern :
hemisphere. Here the increase in the dispersion and the trans-
parency variation coefficient points to the necessity of dividing
the area into several regions which are smaller in terms of
magnitude and more homogeneous in the optical sense. An analysis
of the dynamic processes and the nature of the suspended matter
sources shows that such a finer division 1s possible. The small
number of existing transparency measurements is the only
obstacle to a more exact classificatlon of the bptical regions
in this area of the ocean.

As a whole, the data shown in Table 2 indicate the correct-
ness of this method of hydrooptical division of the Pacifiec
Ocean based on transparency, which can . be used in ifts present
form to solve differing problems, as we have already done, The-
increase in the volume of measurement data and the amount of
optical characteristics directly determined 1n the sea can
supplement this classification system, so that 1t may satisfy
both sclentiflc requirements and the constantly lncreasing

problems of the practical conquest of the ocean.
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